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A METHOD AND INSTRUMENTATION FOR MICRO DISPENSATION OF 

DROPLETS. 



Technical Field Kaatween the macro and the micro world 

5 The present invention concerns an .rrterface between 
with respect to the dispensation of droplets of a liquid to a spinning ^ 
device. 

,„ ^ context of the invention microlitre (m0 range includes the nanolitre (nf) range 
io which includes the picolitre (pi) range. 

BACKGROUND TECHNOLOGY AND PUBLICATIONS. 

An increasing number of microfabricated anaiysis and preparative systems have 

15 been the anaiytica. andfor preparative performance and in practice very ittte attention 
has been paid on interfacing these microworids with the surrounding ma*oworid wim 
respect to dispensation of the various liquids that are to be processed within 
micrcfluidic devices. 

20 Previous microfabricated ana*sis and preparative systems have typicany been in the 
form of microfluidic chips, typically containing one, two or more microchannel 

. . ,. . . . ^ ncnnft<M i ar> d Drocessed. Variants that can be spun 
structures in which a liquid is transported and processeo 

around an axis of symmetry for driving .iquid flow have been suggested, e.g. aroilar 



forms or discs. 

25 



Modifications of traditions, Wc*. technotooy have oeen suggested to accornpdsh 
liquld dispensation to -nlcfofajldic devices, .n most the dispenslno una has 

(Siwe st at.. ■Adaption of a mtoodrap in/actor to sa/npKng m cap/Hoc 

30 L****™*. J- Chroma^. A 669 (1994) 254-257; Schober 

« 9 ^^d^^o/voo,ama»6-0^«a;s OT p^.B i ote*^u«15(1993) 

q ZZn o,C~ac«ve P—*. AOS.. Ch~ 67 (,995, 3051*05* Wadeoe a. a,. 



4 NR. 245 0005 
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.„ , n Kachemical application?. Lab. Automation 
based ft* •""'^ " *°T£JLn 0 , an c^-rfca, 
News 1(5) (1996) M and L«nmo - a. C ^ e "^° M (1997) 543.551. 

0130500. <». *B, and Sfl-nsMm « M P»f^ 
Ne^ands. Eds. van dan Ba-g et at.. Ktu-er Acadenttc MM* 

. «r In Proceeding ot |i.TAS 2000 Symposwrn 14-18 May. 2000. 

InarotetoiaCC'nP'aaaao'nB' * Academic Publisher). 

Ensehede. the Netherlands. Eds van den Berg et at. Havre. Acadetn 

primarily taten place beta* ^^J^ experimental parts ot the ahove- 

^ n^-td, sys.n. and n^c^-^ 

e^tjen dortno th. diapens,n 8 <^^ B ™^, " ^ , ^nfcrtv 

* » » 

* (provided it can be spun). 
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Dispensation of liquid aliquots during spinning Is associated with targeting problems 
that are not at hand when the disc is resting because during spinning the target area 
is moving. When going down in scale, the problem becomes more severe because 
then also the target area is seated down and a higher accuracy in targeting will be 
5 required. If maintaining the same size of the target area, the risk for undeslred 
evaporation would be increased. 

Objects of the invention 

The main object is to provide an Instrument set up (arrangement) and a method that 
10 enable dispensation of liquid droplets to inlet ports of individual microchannel 

structures that are present in a common microfiuicfic disc while spinning the disc. The 
spinn speeds are > 0 rpm, for instance > 25 rpm. such as £ 50 rpm or £ 1 00 rpm or > 
1 000 rpm or even high > for instance up to 15 000 rpm or 20 000 rpm, and/or with 
uniform droplet sizes in the range of 10* - 10° jii, such as 10* - 10" 1 mI and/or < 10" 1 
15 Mlor^lO^jilorlO^HlorlO- 4 ^. 

A subobject is to provide an Instrument set up (arrangement) and a method, which 
enable the transfer of a gradient of a liquid formed in the microworfd into the 
individual microchannel structures of a microfluidic device and to apply the gradient 
20 within the device to an experiment that Is performed within at least one of the 

microchannel structures. The term "gradient of a liquid" means that there is a change 
in composition of the liquid as a function of time. The experiments may be of the 
same kind as discussed under the heading "Microfluidic Discs and Processes to be 
Performed* below. 

25 

Figures 

Figure 1a and b illustrate a variant of the instrumentation set up (arrangement) of the 
present invention. 

Figure 2 gives the microfluidic structures of the disc used in experiment 5. 
30 Figure 3 refers to results obtained for experiment 1 . 
Figure 4 refers to results obtained for experiment 2 
Figure 5 refers to results obtained for experiment 3. 
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The Invention valuate<lth e parameters that may influence the 

Th inventors have carefully vaiuateo p ^ through an orifice towards a 

4w «f « conuenoe of drop ets that are ejecrea inrwuy 
trajectory path of a sequence of crop ^ 

spinning surface containing separate target areas ror in 



The system configuration (100) is given in figure 1a. 



. mm* nP° ■ IP 1 I IP 2 I etc) of x individual mlcrochannel structures 
The inlet ports (101) (IP UP »• ' ^ iftlets 

, r-mrrrr.r;-^. 

The angular velocity *>of the dfccls determined b, -he eouaflon. 

„c2«ve0 In rad/s (e<J 1) 

* neat en the disc passes a feed trigger posMon (10S) m the 
„ VVr^atn^ngntenxC M)^ *^ pre<lettfmlned nu n*er ef 

l^ete^, . number at sbuch«e x imo «*h a 
< 10 T). The numb* of pu*es «. arfuator (10 7) la associated 

droplet is to be dispensed for the next revoiu (110) so that 

droits (111) can be eiecfcd towan* ^"^° flrstslnKtireint „« M eh 
^ueney C4 f He*. The fated tngger The on*. (W) 

feat dtoptot ntoat enter are separated by an angle « f 

*u* ttmo at which the triggenng mar* passes 
^ ^ T "^£ZZZL~ Net port passes in front of the orifice 
position and the time at wh,ch a P^ foltawing equation: 

(after a predetermined number of complete rotations p> y 

- , r Ins feq2) 

a half centimetre). The droplela am shot ate speed v. »hleh « P-" 



30 
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i. jmm«fiatelv subsequent to the triggering mam naving i~ 
revolution, which » immediately suds q determined by the 

5 triggering position. The minimum dropiet vetocrty - can 

equation: 

I etc) is determined by: 

in hertz (eq4) 

fa cola 

microfluldic disc comprising a m.crochannel strucw 

m ethod is characterized in comprising step, ^ ln addWon to the 
m is to provide (1) a microfluidic disc as defined above wnicn 

: T : Thein^ntk.nlsdescrtbedt.ereir.ior.lrtonto 

pcatoon dating op-atlon. and llaW (downward.) 

(b) dispanaatlon Is taking pteea in the (fraction « 
= = ; .^.(hediKplacaapen-ndicularthatato. 
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-mere * a nunther * variants - «• - • — 

also are induded by me Oocefne of Equivalence. * su * 

Dispensation In other direction includes upward dtepensation. i.e. againsl earth s 
gravity field, and perpendicular to earth' gravity field. 

' 10 The lHuid .0 o. d*P«~d may he a ^^^J^t 

^0,^00.0,^3--^^^^ 
instance cells and viruses or parts thereof that are in pan«. 

In , h . und _ r ^ heading -Microfluidic Discs and 

to create a packed bed within a microchannel structure. 

. ~* ^ ^ <n is further described subsequent to step (li) 
The mlcrofluidte disc referred to in step (i) is runner u 

The micronuwic a rotaUng part of the d,sc, 

and (HI). The triggenng mark (104) is a Oisotci 
20 preferablyassodatedvvimthedrcumferen^ 
annular zone close to the edge. 

me Spenser arrangement Cnstrumentation set up) provided In step (I) comprises: 
a) aspinner (113) for rotate the disc (103) ^p^, 
» b) a drop dispenser (110) permitting dispensed of droplets (111) to 
(101) through a dispenser orifice (108), 
c) a fixed trigger position (105). and a droplet into inlet 

port I (111) es a function ot (he tnggenng mark (10.) passu* tn 
U " JTL-. anout the venous parts ot *. anangen-n, a, gfveo aft* the 
I ' : description of step (8)- 
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The arrangement constitutes a second main aspect of the invention. 

For step (II) the main parameters to be programmed are defined by the equations 
given above and/or depend on physico-chemical properties of the liquid as such. 
5 These parameters include: 

(a) speed of rotation of the disc, 

(b) the revolutions under which dispensation is to take place, 

(c) shape, for instance amplitude, of the dispensing signal, 

(d) delay between the signal from the trigger position and the actual dispensing of a 
10 droplet, 

(e) distance between the dispenser orifice and the disc, and 

(f) the frequency of droplet dispensation into inlet port I, 

The values of the parameters (aH*) are selected to give dispensation of the droplets 
to inlet port I. 

15 

If the manufacturer prefixes a parameter in the arrangement, for Instance, the term 
"programmed* above includes this kind of pre-programming meaning. The most 
suitable parameters for this kind of programming seems to be (d) and/or (e). 

20 tn case the composition of the liquid changes during the dispensation, physico- 
chemical characteristics of the liquid may also change. This may influence the 
velocity with which a droplet leaves the dispenser orifice and change the target are 
for the droplets. See experiment 2 of the experimental part. From example 3 it can be 
deduced that changing the amplitude of the pulse/pulses of the dispensing signal can 

25 compensate a change in velocity during dispensation. Liquid characteristics that may 
change are surface tension, density etc because of a change in composition 
(gradient). Equation 2 given above illustrates other variables that can be changed for 
compensating a change in velocity: 
(a) me angular velocity (a>), 

30 (b) the distance (h) between the orifice and the disc surface, and 

(c) T^ = delay of the dispensing signal after the triggering mark has passed the 



triggering position. 
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Determination of th influence various parameters may have on the droplet velocity 
can also be elucidated from separate experiments, for instance as illustrated in 
experiment 2 or from the pattern of where the dropiets hit the disc surface during 
droplet dispensation, e.g. for a liquid containing a gradient Appropriate changes in 
5 the shape of the dispensing pulses can be determined empirically as outlined in 
experiment 3 of the Experimental Part. Compensation functions or discrote values so 
found or compensation functions or values derived from equation 2 can then be 
programmed into the controller either in step (U) or during step (Hi). Also manual 
adaptation of the velocity or trajectory path of the droplets during step (IK) can be 
10 envisaged. 



NR. 245 0011 



In the case the microfluidic disc comprises several inlet ports to which droplets are to 
be dispensed, the dispensing signal comprises several pulses at a frequency, which 
is determined by the angular distance between the inlet ports and by the angular 
15 velocity (<d) of the disc. The number of pulses is equal to the number droplets formed 
for a dispensing signal and also equal to the number of inlet ports to which a droplet 
shall be dispensed. Accordingly also in this case the controller is set to values for the 
parameters (a) - (f) that will match each other so that the individual droplets ejected 
through the orifice by a dispensing signal will hit their intended inlet port, respectively. 

20 

Step (II) also comprises programming characteristics of the microfluidic disc to be 
used, for instance number of inlet ports and their angular position and possibly also 
radial position if the dispenser is radially movable over the disc when placed in the 
arrangement. The manufacturer preferably does the programming of disc specific 
25 characteristics so that the user only needs to program the kind of disc he intends to 
use. 



The spinner 

The spinner (113) comprises a motor (115) and holder (116) with shaft (117) for 
30 rotating the disc around Its axis. An encoder (118) may be linked to the shaft and 
grades a revolution into minor parts, for instance into £ 10 000 grades such as £ 20 
000 grades or * 30 000 grades. The encoder may alternatively be associated with 
the disc 
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The spinner should in the preferred variants has a spinning that is regulate with the 
Intervals given under the heading "Objects of the invention". 

s 

Drop dispenser and liquid transport to and through the dispenser. 

The drop dispenser (110) shall be capable of dispensing droplets to inlet port I (101) 
at controllable frequencies and of controllable volumes and velocities through a 
10 dispenser orifice (108). 

The drop dispenser comprises channel (109) for transporting liquid to an orifice (108) 
from which droplets can be dispensed. In the typical case the dispensing principles 
for drop dispensers used in ink-jet printers can be applied to drop dispensers for use 
ts in the present invention, if appropriately modified. Compare the discussion under the 
heading "Background Technology and Publications* 

One kind of suitable drop dispenser has a head with a flow-through channel along 
which there is a dispensing orifice with which a dispensing actuator is associated, for 

20 instance with the channel wall essentially opposite to the orifice. See for instance the 
dispenser given in figure 1a. The actuator typically is sensitive to pressure pulses 
and/or electrical pulses meaning that each pulse of sufficient amplitude will eject a 
droplet through the orifice. In an advantageous variant the actuator comprises a 
piezoelectric element enabling well-defined and short dispensing pulses for the 

25 dispensation of droplets. This kind of drop dispensers have been previously been 
presented. See the publications cited above in the name of Laurell et al., Thome!! et 
al, Tormod, Stjemstrom et aL, and Ekstrand et al. This kind of drop dispenser has 
been used in the experimental part 

3D An alternative dispenser variant comprises a liquid transport channel ending in a 
dispenser orifice and has a dispensing actuator associated wrath the orifice at an 
upstream position. The actuator may be ring-formed embracing the liquid flow 
passing through the channel. In case electrical pulses are used for droplet formation 
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the ring may comprise a piezoelectric material This kind of drop dispensers is 
avaiiabl from Cartesian (England) and Microdrop, and can be used in the present 
invention if properly modified. Other candidate dispensers are based on the bubble* 
Jet principle developed by Olivetti (Italy). 

5 

Flow-through dispensers have the advantage that the composition of the liquid easily 
can be changed. This can be accomplished by allowing a discrete train of different 
liquids (stepwise gradient) or a continuous gradient pass through the channel and 
programming the controller appropriately. When the sufficient amount of droplets of a 
to certain composition has been dispensed, dispensing is halted until next liquid with 
the desired composition comes into dispensing position. By using flow-through 
dispensers the replacement of liquid will thus be facilitated. The alternative dispenser 
variant requires a more complex design and/or complicated procedures for replacing 
the dispensing liquid. 

15 

The drop dispenser may be linked to a pump (119) for driving the liquid transport 
through the channel from one or more reservoirs (120) containing the same or 
different liquids. By including valves (121) at the junction of conduits coming from the 
reservoirs, stepwise gradients can be created and transferred Into the microfluidic 
20 structures. By associating a gradient pump (119) at the junction continuous gradients 
can be formed. 
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Typically gradients are defined as a change in salt concentration, kind of salt, pH, 
composition of solvents and/or some other component/components that 
25 interferes/interfere with a biologically or chemical experiment which is carried out 
within the microflukiic device. 



Depending on the receiving structure (IP I) in the microflukiic disc and the kind of 
process that is to be carried out within the microflukiic structure, the droplets should 
30 have a volume within the interval of 10* 6 - 10° yl, for instance within 10* - 10" 1 pi. 
The frequency of droplets is typically such that a microchannel structure receives one 
droplet per revolution or every second or every third revolution or more rarely. 
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The optimal velocity of the droplet when leaving the dispenser orifice depends on 
many factors but should as rule of thumb be found in the interval 0.5-25 m/sec. such 
as 1-10 m/sec. 



5 Trigger position 
The trigger position (105) is a fixed position placed outside the dbc on a non- 
rotatable part. The position of the trigger position is typically such that it comes 
relatively dose to the edge of a microfluidic disc that is spun. The trigger position 
comprises a detector that is capable of detecting the trigger marie (104) on the disc 

io (103) each time the mark passes the trigger position. Passage of the triggering ma 
initiates a triggering signal to the controller. 



Controller 

The controller (114). for instance comprising electronic and programmable control 
is means with operator's interface and software, not further disclosed. The controller 
may be a separate physical part within the arrangement and/or may have parts that 
are physically associated with the units with which it communicates by sending and 
receiving signals. The controller (114) communicates with the spinner (113). the drop 
dispenser (110) and the trigger position (105). 

20 

The controller is capable of sending the dispensing signal (106) to the dispenser 
(110) after having received a triggering signal from the trigger position (105). The 
characteristics of the dispensing signal are defined by values programmed in step (H) 
including values preset, for instance by the manufacturer, or programmed during 

2S stop (HI). The controller also controls when the dispensing signal (108) shall actuate 
the dispenser, i.e. when the factual dispensation is talcing place. A preferred way is to 
link the dispensing signal to the angular distance between the triggering mark (104) 
and the trigger position (104). If an encoder is linked to the spinning movement as 
discussed above, the encoder signal can be used to determine when an inlet port I is 

30 In position for dispensation and also regulate so that the factual dispensation takes 
place at the most appropriate time, tf the encoder is high-resolving as suggested 
above, dispensation can take place with a high accuracy with respect to timing. 
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calculatethetlmeatwhlcBthetoPWsmgs'gnal^a"^ •»» 
MiOT «uk.ie Discs and *~»"» «• P *^™V, , microI!Mmrt 

intenorofamicrochanneisrowu structures are normally 

„ Kan*- or "1 ^ to toa — 

M, *a <***. The .n... port OP » u ^ ^ one ^nanna. 

MUD, is seated * m same «M ™^ amn ^ insutsroUpS such 
_ ^w^hannfli structures m a disc may a* eamu.y^ 
* structures. TH. mtarochanne. s^ctures ^ for dHtowt subgroups 

that IP 1 for each subgroup Is at the same radial o*« 

♦ • • 

' * J * at different radial distances. 

;: • . • „ t ,o» i. 1 ^100 nl Of £ SO nl of £ 25 nl. "TWs to partjeu^r appUes to 

tha oetoouon and/of reaction oMcrooavmas. Cf»n*efs/cav*es 
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inlet ports for liquids may be considerably larger, .g. microchambers/microcavities 
intended for application of sample and/or washing liquids. Microformat means that 
the liquid aliquots that are transported within the device has a volume in the |if-range, 
i.e. £ 1000 such as £ 100 pi or < 50 pi and includes the nl-range (nanoformat), 
5 such as < 500 nl or < 100 nl or< 50 nl or* 10 nl or less. 

The transport of liquid within the microchannel structures may be driven by various 
forces, for Instance inertia force such as centrifugal force, electroWnetic forces, 
capillary forces, hydrostatic forces etc. Pumps of various kinds may be used. 
10 Typically centrifugal force and/or capillary force are utilized at inlet ports. 



The disc may be made from different materials, such as plastic material, glass, 
silicone etc. Polysilicone Is included in plastic material. Prom the manufacturing point 
of view plastic material is many times preferred because the costs for this kind of 

15 material are normally low and mass production can easily be done, for instance by 
replication. Typical examples are embossing, moulding etc followed by attaching a 
top ltd covering the open microchannel structures so obtained. See for instance WO 
9116966 (Pharmacia Biotech AB, Ohman & Ekstrdm). This manufacturing process 
result in open microchannel structures as an intermediate product which 

20 subsequently Is covered by a lid, for instance according to the procedures presented 
in WO 0154810 (Gyros AB, Oerand et al) or by methods described in publications 
cited therein. The hydrophilic/hydrophobic balance are preferably obtained according 
to the principles outlined in WO 0056808 (Gyros AB, Larsson et al) and WO 
0147637 (Gyros AB, Oerand et al). All three WO publications are hereby 

25 incorporated by reference. 

In each microchannel structure, liquids are processed in order to carry out various 
miniaturised chemical and biological experiments, i.e. assay protocol, synthesis 
protocol, cell culturing protocols etc within the chemical and biological field Including 
30 biochemistry, chemistry, biophysics, microbiology, medicine, 2oology, molecular 
biology etc. Processing includes that various chemical reactions and/or biochemical 
reactions and/or biological reactions etc are taking place. Typical protocols utilise 
specific reactions between reactants having mutual affinity to each other leading to 



J 
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(a) formation of an affinity complex that is immobilized to a solid phase in a detection 
and/or reaction microcavity or 

(b) one or more other reaction products that may be soluble or insoluble in the 
detection microcavity. 

s Typical detection principles are based on radioactivity, fluorescence, 
chemiluminescence, bioluminescence, enzymatic activity, chromogens, light 
scattering (turbidometry) etc. for instance by utilizing reactants that exhibits groups 
providing the corresponding properties or groups that can be transformed to one of 
these groups. 

10 

Typical reactants in this context are individual members of affinity pairs such as (a) 
antigen/hapten and the corresponding antibody including its antibody active 
fragments, (b) lectin and the corresponding carbohydrate structure, (c) native llgands 
and the corresponding native receptors, (d) complementary nucleic acids including 

t5 synthetic variants such as synthetic oligonucleotides, (e) lg(Fc)-binding proteins and 
Protein A, Protein G and other lg(Fc)-receptors, (f) ion pairs of opposite charges, 
enzyme and the corresponding substrate, inhibitor, cofactor, coenzyme etc that can 
bind to the enzyme, (g) ligand and receptors that are involved in cell surface 
interactions etc Synthetic variants that more or less mimic a member of a native 

20 affinity pair are also included. 

The reaction microcavity may contain a separation medium in the form of a porous 
bed through which a sample liquid containing at lest a substance that is capable of 
binding to the bed under the conditions applied is passing. During the passage, the 

25 substance(s) becomes (become) bound and non-binding substances pass through. 
Subsequently an eiuent may be applied through the bed so that one or more of said 
at least one substance are released from the bed. Further processing may take place 
on one or more of the non-binding substances after their passage through the bed, 
and/or on one or more of said at least one substance while being bound to or 

30 subsequent to their release from the bed. Possibly one or more washing liquids may 
be passed through the bed after the sample liquid but before the eiuent The various 
liquids used in this kind of protocol may be applied through the same inlet port or 
through different inlet ports. At least one of the liquids is dispensed to an inlet port in 
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. ,-«» The eiuent can be in the f orm of a continuous or a 
accordance with the Invention. The eluent can 

Further process .ay be detection of a substance bound to the bed or of non- 
s binding substance passing through the bed. 

m be a porous monolith or a packed bed of 

polyslzed. 

^^^"°<> h ^^V es aeo ^dla«bu«on*»nee><2<»> 
atrucaOTuaedlntlKaxpenmeataeomH^ 

* - M pen »M «- - «* *Z> (202) 

in the r^.*nden outlet port (20S>. ** „„. ^ „» „ 

« upward ahar*, (20.) b«n 9 conr-ofcd *> the. ^ ^ 

(203) H» 8MI * " J^r^Z, part (213)^ a deeper pan 
M (^ TMdualdapthmea^tr^-al, hrou9h«»etruc*re.*epartides 

-»»a^rnWasapackedl^.e W .<^perPa«( I 

.= . ahattow pan (213). The commor. daatbuaor, ^ ^ 
V: an^taunoap^ee^nu,.^^^*^ 

:.M There are ™N^(2«)^'o™o' h )^ ro,,h0baad '" M ^ 



21/10^2801 22:55 _ GYROS OB * 08086660286 4 

018566350 NR ' 245 0019 

Wet Patent- ochreg.veftel 
2001 -10- 7 1 

GY0O45-SE 2001-10-21 16 Huvudfox»n Kewen 

In the experiments 4 and 5 below the part occupied by the packed bed of the deeper 
part (214) corresponds to a reaction mlcrocavity and to a detection mlcrocavlty. 

The part of the structure that is above the common distribution channel was not used 
i in any of experiment 1 and 2 and is therefore not further described. j 

i 

The invention is further defined in the patent claims that are part of the description. ; 
The invention will now be illustrated in the Experimental Part. 

I 

EXPERIMENTAL PART I 

f 

Hie microfiuidic disc used had been manufactured in transparent plastic material by I 
15 injection moulding and covered by a lid as outlined under the heading "Microfluidic 
Disc and Processes to be Performed". 



Experiment 1. Investigation of the flow profile deformation occurring between 
the pump and the dispenser. 

20 

Experimental: The experimental set up was as in figure 1 except that the droplets 
were not collected in the microfluidic device. Colorimetry, with Cibacron dye (Brillant 
Red 4B-E, Ciba) in water was used to investigate gradients (from water up to 70% of 
the Cibacron solution applied over 1 , 2 or 3 minutes) with different flow rates (0.1 and 
2$ 0.5 ml/min). The process was monitored by collecting 500 droplets at predetermined 
intervals and measuring the colour intensity of the collected samples. 



Results: Figure 3 shows four gradients obtained from the dispenser. The result 
shown demonstrates the reproducibility of a 1 minute gradient at a flow rate of 
30 0.3mi/min. This graph shows that the gradient Is obtained after 90 seconds indicating 
a lag time of 30s within the current configuration. 
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C3Y U^^c * 

e^e** * ^ c ~ . I*— of*. — 

constant pulse 

.. as in floura 1 except that the droplets 

6xp.rlm.nul. The experimental «< TV. in drop Wocity » (rn/s) 

, werono«^^ 1 n^n*^de^.Jb.^>n^^ s 

an ae-onMe gradient «>-«>%> er . ^'^^".J^ 
system (Sydat Automation, Sweden) developed for eva. 

Sud c»n be modified. e«houflh adjusdng m. angu«r valocdy mey effect «ow 

15 control (see also Figure 5). .u-.wodtvof apointoverlhe 

For comparison when the disc is spun at 1500 ipm, the velocity of a pot 

diee at a distance of 30 mm from the centre is 4.7 nVs. 
2o ExPEiawErrT 3. Wtoeity o, ft. **« " toncdon of ft. pels. amp.hude. 

v»ere not collated in the micromanic device. The drop -retocdy vtny J 
aTncL o, ft. pufce emp«ude for norma, and h*h sai, huifer sohrfoo,. 

B ^Bvadiu^u-puiseamp^^pos^ero^a-dn^^ 
and thus to solve the misalignment problem. 

» expoumcnt 4. S«epw>« — of Cy5 tabetic angio»n.ln ■ — — 
columns on a disc. 
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. # . c , umns ( 3o and 35 nanoliters in volume) were packed with 
Experimental: C lumns (3U ana o^en^ by centrifugation into 

SOURCE 1 5RPC (Amersham Pharmaaa B.otech. £ , pacWng 

conditioned by applying * me com(non 

win ni «f o 1 % TFA under controlled spinning ^t>uu ipm j y 

mix of CyWabelled angiotensin I (110 nWI - Sigma) ana <*y. 

. > ^ wla , nl -t nor* (203) to the common distribution cnannei 
(880 nM - Sigma) was loaded via inlet port (zmj « 

!L . . steDwise mcrease in spin speed. Bound components were eluted wrai a 
(202) and a stepwise mere*. k Drtrt i nns corresponding to increasing 

step gradient between 12.5 - 37.5% acetomtnie. Portions corned g 
u concentrations of acetonitrt.e were filled into the common ^^"(202)by 
Xtting and passed through the cdumns by sinning me 
cTcerLon was increased by 2-5% in each 200 nl stop and ^ using 

controlled spin flow (1500 rpm). The separation in the columns was momtored using 
a fluorescence microscope. 

20 arallan rf , abe „ed peptides and free dyes has been reproduced 

envisage thai dispensation can also take place accoroms 

21 dispensation to lnto( ports (210). 

experiment 5. OrtKUart -u«on on a nano«*r col«nn in a disc 
„ Eap-lmen*.: The «pert™*al «< *^\^^ a 
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Vanous etuta proffles we* tested us", = **«-r .„ „. „,„„,,. 
aptnnlng b«we.n 2500 and 1800 ipm. The separate waa mom. 
5 by a fluorescence microscope. 

using a gradient 0-40% acetonltnle. 0.1% TFA over Tin 
using ag« n _ s _ _ qrad ient while spinning Into 14 

nave shown the possltality to dispense a grao mixe s and Tris buffer 

,o microstructures using various liquids such as water, acetonitnie mixes 

(1kHz pulse and 1500 rpm). 

taction and,or detect n^ocavKy can ta «nKad 

^^^-^rr^C^iVaoo, (Ovea-. 

ourcopendingpatentapplicationSE01031i8-*)™ea f 
Magnus Ljungstrom et e» that hereby Is incorporated ay reference. 



i 
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CLAIMS 

• „ nmniets of a liquid to a microfluidlc disc comprising a 

<Lmfer«re.. and (2) a Spenser arrangement comprtsmg. 
a) a spinner (Of totaling the <Jlsc around Its a»s. 

' rtlsnensstion of droplets to mtet port I. 

10 b) a drop dispenser permitting dlspensauon » w 

c)afix*itnBgerpositionoutsidethedtecand ^ iwfMMo 
d , controltar which is capabte ot Wggaring ft. -"T^^^L*, 

lS the parameters: 

(a) speed of rotation, 

(bt.evoloiionsunderv.hlchdlspensationisttldngplaoa 
(d) delay between the signal from the aeiecror «. 

„ doping ft. drop,.* accordftg * the programmed va.es of step » 

respect to at least one of its censftuents. srud grad^l «-"■•""" 
J£L gradient for instance confining one. Nro or mo~ step*- 

,. , ,j.»r«eMrlaed in that the value lor at least on. of said 
ThemeftodofclarmZeliaracttmwin ^„™«Mtefortho 
pmm e.^(aM«)iaadius^du^«h.dlsp.nsa^«occ<np.nsa«efor 
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change in velocity of the droplets which possibly is caused by th gradient said 
adjustment preferably being handled by the controller. 

4. The method of any of claims 1-3, characterized in that said microchannel 

5 structure I comprises a microcavity positioned downstream to Inlet port I and used 
for carrying out an chemical or biological experiment 

5. The method of claim 4, characterized In that said liquid comprises a gradient 
which is defined as a change in salt concentration. Kind of salt, pH, composition of 

io solvents and/or some other component/components that interferesfinterfere with 
an experiment which Is carried out in the microcavity. 

6. The method of any of claims 4-5, characterised in that the microcavity contains a 
separation media in form of a porous bed, for instance a porous monolith or a 

15 packed bed of porous or non-porous particles that may be in beaded form and/or 
are monosaed (monodispersed) or poiysized (poiydispersed). 

7. The method of claim 6, characterized in that the method comprises 

a) dispensing a liquid sample to a sample inlet port of microchannel structure I, 
20 which sample contains at least one substance that is capable of binding to the 

bed when passing through it, and 

b) subsequently dispensing an eiuent to an inlet port for releasing at least a 
portion of said substance from the separation medium, 

at least one of said inlet ports being inlet port I and at least the liquid introduced 
2$ via this port being dispensed as defined by parameters (aH*)> 

8. The method of daim 7. characterized in that the inlet port for the eiuent is inlet 
port I and that said eluant is dispensed as defined by the programmed values for 
the parameters (a)-(f) 



9. The method of claim 8, characterized in that the eiuent comprises a gradient with 
respect to one of its constituents. 



30 
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. ! n that the time at which tne 
10 . The method of any of claim 1 *>*™«^Z*«c» between the 
dispensing sign* Is given depends on the angular d,stance 

triggering mark and the detector. 

as at least 20.000 or at least 30.000 grades per -^ between the 
b ) the angular distance is determined by the number* grades between the 
triggering mark and the detector given by the encoder. 

10 11 characterized in that the time at which the 

12. The method of any of claims 1-11. erutfacwnze- 

dispensing signal is given is linked to the speed of rotaton. 

^ ,-.9 characterized in that the signal for dispensing 

13. The method of any of claims 1-12, characters 

is is electrical- 

«fH aims 1-14 charactertzedinthatthedispenserisaflow- 
20 15- The method of any of claims 1-14. cna»« 
through dispenser. 

, . , 4 « characterized in that the disc comprises one. 
1 6. The method of any of Calms * of which has an Inlet port 

two or more additional mlcrochanne. and gre gt ^ ^ 

25 (IP 1 1, IP 2 1, IP* 1 etc) which correspond to ,n.et port I IP 0 
radial distance from the disc centre as inlet port I (IP 

j \ l^emethodofCaiml^^ 

V! inlet ports (IP 0 1. IP' I. IP 2 ^ » eto > ** ,0CatCd 06X1 10 

• • • 

*• / 3 0 same or different. 
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18. The method of any of claims 16-17, characterized in that said one, two or more 
additional mlcrochannel structures and microchannel structure I are identical or at 
least one of them is different from the other. 

5 19. The method of any of claim 16-18, characterized in that the dispensing signal 
comprises a number of pulses such that each droplet formed will correspond to a 
pulse and that the programmed values for parameters (a)-(f) will be such that for 
each signal only one droplet will be dispensed into an Inlet port. 

10 20. An arrangement for dispensing liquids to a mlcroflukJic disc comprising a 

microchannel structure with an Inlet port I in the surface and a triggering position, 
preferably in or close to the circumference, characterized in that it comprises: 

a) a spinner for rotating the disc around its axis, 

b) a drop dispenser permitting dispensation of droplets to inlet port I, 
is c) a fixed trigger position outside the disc, and 

d) a controller which is capable of triggering the dispensation of a droplet into inlet 
port I as a function of the triggering mark passing the trigger position; 



20 
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ABSTRACT 

.„„ rtmolets of a , iqU id to a microfluidic disc comprising a 
A method for dtspensmg droplets of a l«qu. characterised by 

MicroChannel structure « with an inlet port I (IP 0- The met 

s comprising the steps of: „™f« ra blv in the 

0 p^(1)saiddUcw h i*ha S a^n 9 n«*.P^«b.y«'«» 

ci.cumferenco.a.-Xfladis.-nser.nange.nen.co.np^. 

a) a spinner lor rotating the disc around Us axis. 
b U ro pd l spe TO .rpern, i «an 9 d.spans.«no,d,op 1 . t s»«««PO«>. 

,„ c) a .tad trigger position outside the disc, and lel |nlolnto , 

a) a controller which is oapabie of tnggenng th. ckepeneadon of ad p 

-„> piacfngthedlsc in ,h.sp*ner and programming *a cornier «dh values 

parameters: 
i s (a> speed of rotation, 

„) ravolunons under which dispense is taking Piece 

(d) delay between the signal from the detector ana 

droplet. Htenenser orifice and the disc, etc. and 

20 (e) distance between the dispenser ormce a 

the values for (aH d ) be,ng se ,ecwa M 

P° rtl «a rtth r.oioarammed values of step (»). 

iii) dispensing the droplets according to the programm 

M The invention comprises also the arrangement as such. 
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